ABSTRACT
INTRODUCTION
The ethylenebisdithiocarbamates (EBDCs) maneb and zineb are among the most widely used fungicides in agriculture. They enter the organism mainly through the respiratory tract, skin and mucous membranes and the digestive tract and have as their final main metabolite ethylenethiourea (ETU; 14) . ETU has been shown to be both embryotoxic and teratogenic (3, 16) , and also may be present as impurity in these fungicides comercial formulations. It may be also some of the residues transformed into during food processing of crops (38).
It has been reported that several derivatives of N-methylcarbamic acid, including mancozeb, could metabolically result in the corresponding N-nitroso compounds. A large percentage of the N-nitroso compounds are alkylating agents which can react with nucleic acids and other cellular molecules (6, 31) leading to a mutagenesis, clastogenesis and carcinogenesis. Recently, genetic alterations of a clastogenic type have been reported to be associated with a variety of human cancer and birth defects (22).
Although EBDCs posses low acute toxicity, some of them have been shown chronically to possess carcinogenic, mutagenic, goiterogenic, and teratogenic activities in animal tests (4, 9, 11, 12, 20, 21, 26) . It has been postulated that EBDCs inhibit thyroid peroxidase (TOP), via the formation of ETU. They can also adversely affect reproductive ability, such as spermatogenesis (10).
Genetic and mutagenic toxicity studies on mancozeb have produced mixed results. A dosedependent increase of chromosomal aberration frequency was found at concentrations of 4, 10, 20 and 40 µg/ml mancozeb when administered during the last 24 h in 72 h human blood cultures. Also, a dose-related clastogenic effects were found for the 2,5 and 5 µg/g b.w. doses of mancozeb when given to Wistar rats as a single injection (7). Some authors have found these effects only when the maternal toxicity was evident (8, 23) . The Central Nervous System -CNS is apparently highly sensitive to toxic effects of these compounds, since the administration of maneb during gestation can result in degenerative changes and hydrocephalus in the neonates (16, 17) .
Behavioral alterations such as decreased learning ability, subsequent to dietary maneb administration in the pre -and postweanling rats have also been reported (34). Thus, the subchronic and chronic toxicity of them should not be ignored. Furthermore, the toxicological responses observed in a subchronic study may be quite different from those observed in an acute one; demanding further investigations in relation of functional, biochemical, physiological or pathological effects.
Examining the possible teratogenic effects of EBDCs in young animals may provide evidence regarding the underlying primary alterations associated with the substance especially because these effects could lead to secondary disruptions in the development of the neural systems that might alter the animals behavior in the adulthood. Both of these consequences may alter later development as the animal matures, making it difficult to tease apart the underlying primary alterations from the compensatory or secondary changes resulting from prenatal exposure to a compound, so the focus on early assessment was selected in this work. The aim of the present study was to examine the possible early developmental consequences of exposure to mancozeb during pregnancy in dams that have not showed apparent physical or behavioral abnormalities.
MATERIALS AND METHODS

Animals maintenance
Male and female Wistar rats (UNICAMPUniversity of Campinas -Breeding Laboratory) weighing 180-230 g and about 80 days of age were used. The animals were housed in temperature controlled (21 -23 o C) and artificially lighted rooms, on a 12 h light-dark cycle (lights on 7:00 a.m.) with free access to food and water.
The animals were adapted to the conditions of our animal quarters for 21 days before starting the experiment. The experiments were performed in a different room, where temperature was the same as in the animal colony.
Chemicals and exposure
Mancozeb [Dithane -82,7% pure (Rohm; Haas)] mixed into the diet (Purina Rodent Chow) at concentrations of 0, 2000 or 3.000 ppm was administered in the diet to primiparous female rats (180 -200 g) randomly and equally divided into groups (10 each). The animals consumed feed containing mancozeb at different treatment groups : from day 1 of pregnancy (the day spermatozoa were detected in the female's vaginal smears) to day 6 of pregnancy (group A), or at 6 th from 15 th days of pregnancy (organogenesis phase -group B). Controls received only the vehicle in the same way. On day 1 of postnatal life, eight rat pups were left with each dam. The food consumed was monitored every day. Each dam ate about 20 g of food per day. Based on food consumption data, the animals ingested an equivalent of 30,0 mg/kg/d of dithane, resulting in estimated mancozeb daily intakes of 24,0 mg/kg. The amount ingested was an approximate figure calculated using the formula (4): average food consumption (g) x dietary concentration (ppm)/ average body weight (g).
Viability of the pups and dams fertility evaluation
The number of viable pups at birth and on the 21 st day of life and also the fertility of the dams were determined (Fisher exact test, 33). The pups were daily examined for viability and gross defects. One male was mated with two females in the estrous phase. After mating, the females were kept individually caged and were allowed to deliver. The dam's weight was also evaluated at interval between the 1 st and 21 st days of pregnancy (maternal weight gain). The dams were checked twice daily (9:00 and 17:00h) for parturition. Litters born after 17:00h were considered as day 0 of life the next day of observation.
The parameters tested were evaluated as % fertility (n o of pregnant females x 100 / n o of mated females); birth viability (n o of pups alive x 100 / n o of total pups) and 21 st day viability (n o pups alive at the end of lactation period x 100 / n o of total pups).
Physical development evaluation
Two pups of each dam were observed on the following developmental physical parameters to evaluate the possible effects of mancozeb exposure: pinna detachment (unfolding of external ear), development of fur, incisor teeth eruption, vaginal, ear and eye openings and tests descent. These time -percent effect curves were constructed using the percent of animals showing each of the above parameters and their time of appearance according their age (1). All pups were removed from the nest built for the dam with a paper towel and placed on a heating pad to provide warmth before and after testing. Each pup was examined before the next one. The order of testing the litters was determined by chance. For the analysis of significant deviations, the curves were compared by the Kolmogorov test (5). Body weights of all animals were taken at 1, 10 and 21 days of life (Student's "t" test, 33).
Swimming test -neuromotor development evaluation
For the swimming test, litters were used on postnatal days 7, 11 and 21. These rats were randomly used. An aquarium (25x30x60 cm), filled with water (25 o C) was used for the test between 10 to 12 h. Each animal was dropped 3 times its own height into the center of the aquarium and was observed for 5 sec. Swimming performance was evaluated according to the position of the nose and head on the surface of the water to measure the motor development (36 -24) . After the test the animals were dried and returned to the home cage. The angle of swimming was rated as follows: 0 -nose below surface; 1 -nose at or above surface; 2 -nose and top of head at or above surface but ears still below surface; 3 -same as 2 except with water line at midear level; 4 -same as 3 except water line at bottom of ears.
Bone marrow cells test
The dams were tested after the lactation period (21 days) and litters at the 40 days of age. The animals were administered with colchicine (0,20 ml/100 g -160 mg/100 ml solution) one hour before the sacrifice.
Bone marrow cells were washed out from the femur using 0,075 M KCL solution. After 20 min. at 37 o C, the suspensions were centrifuged (10 min., 800 rpm) and the precipitates were fixed in methanol: acetic acid mixture (3:1) and centrifuged again under the same conditions as before. After fixation and centrifugation, the supernatants were discarded. The precipitate were removed to a frozen microscopic slide using a Pasteur pipette. After drying, the preparations were stained with Giemsa and examined for changes in the normal mitotic activity.
The number and type of chromosomal aberrations found in metaphasis for animal were scored until 100 cells per animal. Statistical analysis were made by SAS -PROC LIFETEST (32).
Estrous cycle
The females had their vaginal smears examined daily for 12 days after the 10 days mancozeb exposition. The phase of the estrous cycle for each one was observed. The number of each phase was compared between the groups by Student's t test (33).
Statistical analysis
The Bartlet's test for homocedasticity (13) was used to verify if data were parametric, since were employed the others statistical methods except the Mann-Whitney one. A probability of p < 0,05 was taken to show a significant difference between groups for all comparisons made.
RESULTS
Litter data and physical development of newborn Mancozeb exposure did not alter the dam's fertility (number of pregnant females) nor their weight (Table 1) The mancozeb exposition resulted in retarded development of the pups, with exception of the vaginal open and descent tests, when occurred acceleration (Table 3 ). The litter body weight ratios were not affected (Table 2) . The administration of mancozeb neither changed the maternal weight gain, nor caused any overt signs of toxicity or gross alterations in the pups.
Swimming performance
Examination of swimming performance (Table  4) indicated that the mean swimming scores of pups from treated groups were significantly less than the control values on postnatal day 14. On postnatal day 21, however, the performance were the same in all groups. 
Bone marrow metaphasis data
The data concerning changes in the normal mitotic activity are listed in Table 5 . The aberrations observed consisted mainly in the appearance of polyploid cells, pulverized cells and breaks. There was a linear relationship between the dosage and the toxic effects in the experiment. During the organogenesis phase dams an linear increase in the number of cells occurred that were complete with broken (CWB), incomplete with broken (IWB), pulverized (PUL) and to pups an linear increase in the number of cells that were CWB, IWB, PUL and POL (polyploid). During the initial period of the pregnancy occurred an increased linear effect for CWB and IWB, linear decrescent for CFB for the dams and also an increased linear effect for CWB,IWB, PUL and POL for the pups. 
Estrous cycle evaluation
The comparison of the mancozeb exposed group to the control group never revealed any significant difference in any phase of the estrous cycle (Table 6 ). 3,05 ± 0,05 2,22 ± 0,04 2,63 ± 0,06 2,08 ± 0,04 II 2,75 ± 0,06 2,40 ± 0,02 2,50 ± 0,07 2,39 ± 0,02 III 2,50 ± 0,05 2,36 ± 0,03 2,63 ± 0,06 2,50 ± 0,07
DISCUSSION
A major characteristic of embryonic-fetal development is the existence of critical periods of development. Exogenous chemicals can lead to congenital defects. These defects may range from embryolethality and anatomical defects to a large variety of more subtle morphological, biochemical and functional abnormalities (28).
The most subtle genetic effects of contaminant exposure appear to lie in their disruption of developmental pathways.
The bone marrow cells test is a sensitive and reliable method for assessing the mutagenic potential of various chemical agents. From the results obtained, it appeared there was a possible damage on the genetic material of mancozeb exposed organisms. The frequency of chromosome aberrations observed in this work was associated with increased dosing and showed that mancozeb was mutagenic to cells of rats bone marrow. Pulverizations are often related with clastogenic chemicals but there is a need for more detailed analysis of the causation of the genetic alterations here observed.
Birth weight of newborn is associated with wellbeing of infant and mother. In this work, there was no maternal toxic observed alterations. Also, there was no alteration observed in the estrous cycle of mancozeb exposed females or even in the percentage of fertility that was at a normal percentage as showed in Table I . The absence of damage events in the pups viability and in the pups weight were in agreement with that and indicated a direct effect in the litter. In the present work, pups remained with their biological mother. It is recognized that this limits the ability to draw conclusions about the direct toxic effects of the tested substance on the fetal-placental unit; however, in this study it was a priority to optimize the chance of observing alterations in the offspring. Furthermore, the fostering procedure was not used because the complex maternal-pup relationship has not been fully understood and it is not known if the fostering manipulation is stressful for the pups and/or the foster dam and, most importantly, what impact this would have upon development and behavior of the offspring. In the future, the study of the pups development using a crossfostering experimental design to specifically examine the effects of maternal treatment on the litter's development and behavior will be useful.
Prenatal mancozeb administration resulted also in some developmental motor alterations. Swimming behavior in rats requires the smooth coordination of higher centers of the brain and the integration of a coordinated series of reflex responses and extensor-flexor reflexes. Several studies suggested that the brain catecholaminergic systems, especially some discrete regions of dopaminergic one, might be involved in the normal ontogeny of swimming (36). The subtle neurotoxic effect on swimming performance, observed in this study was transient and appeared only during the early preweaning period of rapid development of the brain. It could be possible that some neurochemical compensatory mechanism or recovery masked later these manifestations. Perhaps the young animals learn to compensate for early effects, evidencing the plasticity of the immature nervous system. Several research has led to the suggestion that sensorimotor dysfunction may underlie some of the regulatory deficits following neural damage. This observation is made even more interesting by the evidences that catecholaminergic systems are biochemically immature for preweanling rats (2).
It is clear from these studies that the gestational mancozeb exposition was able to disrupt postnatal development in rats. There were some physical developmental delay induced by mancozeb administration. However, the parameters testes descent and vaginal opening were accelerated. They were also involved with the catecholaminergic system and LH/FSH released (19, 25, 27, 29, 35) . It was interesting to note that EBDC's could produce some alterations in this system (18, 37) . Further studies may establish the involvement or otherwise this system in the preweaning mancozeb effects. The metabolism of mancozeb is known to involve at least two pathways leading to ETU. Thus, the effects attributable to mancozeb may result from in part of metabolic products. They are distributed among several maternal and embryos tissues (30, 15) . Their mechanism of action, however, is not all elucidated.
Given the strong public concern of the potential role of xenobiotics mutagenesis and developmental defects, it is apparent that priority should be given to appraisal of the impacts of contaminant exposure on natural populations. These studies aim to protect populations to genetic damage from contaminant exposure.
